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The excerpts quoted herewith form his introduc- 
tion to the report on the Baltimore fire, may therefore 
be accepted as irreproachable authorit 

After criticising more or less severely various 
forms of construction, Mr. Atkinson takes up the 
question of concrete in these words: 

11 Well-made concrete encasing steel proves to be 
most fully a fire resistant, when it is made with true 
Portland cement, rammed and tamped in a proper 
manner. It fortunately happens that a well-made 
concrete of this kind is subject to a law of expansion 
and contraction under heat so nearly identical with 
that of steel as to assure its position being maintained 
under high and varying temperatures. It will be 
remarked that the temperature in this conflagration 
must have reached a higher point in many of the 
buildings of ordinary construction than it did in the 
steel-framed buildings. In the former, many exam- 
ples of melted iron and steel were found ; in the latter, 
few traces of a temperature reaching these melting 
points/ 1 

In this paragraph lies the very crux of the whole 
matter, which is, that the co-efficient expansion under 
heat of steel and concrete is practically identical. It 
is entirely probable that some other material, provided 
it is used exclusively in the erection of a building 
would prove as perfectly fireproof as does concrete. 
Discussion on this point Is, however, purely acedemic; 
because, no material has been found, nor is one likely 
to be found, which will obviate the necessity of using 
steel in some form as a frame-work. It will not, how- 
ever, be the province of the Cement t Ige to decry other 
meth construction If the simple presentation 

of the facts relative to concrete construction fails to 

ince the reader of its merits, why then he must 
go uncom inced. 



REPORT SUBMITTED TO THE INSURANCE ENGINEER- 
ING EXPERIMENT STATION, EDWARD ATKINSON, 
DIRECTOR, ON THE CONFLAGRATION 
IN BALTIMORE. 

By PROF. CHARLES L. NORTON. 

[ visited Baltimore five days after the beginning of the fire and 
&penl three days in looking over the field in a general way, interviewing 
anesses, and making a rather limited examination of the ruins 
largely from the streets. Ten days later I made a second visit of four 
spending the time almost wholly in studying the conditions of the 
led rire-proof buildings, examining them all except the Herald 
the fire and the general description of the con- 
dition r the fire, have been so thoroughly put 

my purpose to call 
ie more t< -sons to be learned from this 

confl 

\ iling in t! 

which n this 

district after thi Is to two general lines or' future 
sa £ e1 built or to be built. 

II), firsl thoughl thai occurs to one in look tuation is 

til large cities in the 

Eriattei urt ' s m retar(1 

building to building, the lack of : are hazard. 

fhe second tl -iht home by the towering remains of the tall 

lings i- the failure of the word "fire-proof to give any 
,„. as applied to such buildn 

I he danger of spri re through the whole of such a district 

ed no new emphasis. Boston, Chicago, Paterson, and other cities 
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WO uld a fire started during a gale of wind in a <! 

composed largely oi buildings of inferior construction. What happened 
,11 Baltimore is likely to happen in rk or Boston if once a fire 

gets well under way. The danger is not so great, perhaps, in some other 
cities as it was in Baltimore, but its presence must be admitted. 

The measures to be adopted to prevent the possible conflagration 

d in cities have been enumerated by abler pens than mine, but I will 

verture upon ggestions: First, remove from these crowded 

the greatest cause of quick spread of fire, in the shape of explosive 

rial. It has been said that explosions of chemicals occurred in the 
early part of this fire, but whether or not this was really the case or 
whether there was a series of so-called hot-air explosions from the 
products of distillation, it seems clear that something in the nature of an 
explosion scattered the fire. 
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As is well known, the products of distillation in a slow fire 
smoldering for some time before becoming rapid in its spread, may, when 
mixed with air, become explosive. The opening of a door or breaking 
of a window may cause a draft that leads the flames toward the smoky 
mixture and starts the explosion, known to the firemen as a "hot air" 
explosion. Sprinklers and ventilation and stops in vertical openings 
tend to minimize this danger. 



THE CRUSHED POST IN THE CALVERT BUILDING. 

Stringent laws against storing explosive merchandise and care in 
installing ventilation systems, thermostat systems and sprinklers will 
tend to minimize the danger of early spread of fire by explosion. 

Unless violently scattered as by an explosion, fire spreads through 
such a district by the carrying of sparks, by direct contact of flame, and 
idiation across open spaces. Protection against all these dangers 
is to be sought by means of non-inflammable roof materials sfa 
and wired glass, in metal or metal-covered frames for openings, and 
roof hydrants. 
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Fire has apparently in this case found its way from building to 
building through doors and windows and through roofs which offered 
but slight resistance. There were buildings in this district equipped with 
tinned and sheet-iron shutters and some with other protective devices, 
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TERRA-COTTA CEILING OF THE CORRIDOR— CONTINENTAL TRUST BUILDING. 

but few or none withstood against the enormous volume of flame and 
hot gases coming from the majority of partially protected or unprotected 
risks. There is nothing new in this, but it is a condition so common 
and so dangerous as to bear repeated references. 
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ings did not rise in temperature to the igniting point of wood or paint. 
On some of them not even the skylights are broken, and an almost 
incredibly small amount of damage was done to their exterior. In most 
cases the buildings may be said to have been without a severe fire trial. 
A second group of fire-resisting buildings includes those which have 
been well described by the word "monumental." The Court House and 
City Hall offer examples of this type, being heavy stone buildings, with 
comparatively few window openings. Offering a small area for the en- 
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BUILDING, SHOWING FAILURE OF PARTITIONS. 



trance of fire and a non-inflammable exterior, these buildings withstood 
great heat, with no damage except from the spalling of the stone and 
charring of window frames. It should not be assumed, however, that the 
fire was driven toward these buildings with such fury as that which it 
expended on some of the steel-frame buildings, as accounts indicate 
that a change in the wind diverted the fire from them at the most 
opportune time. On the whole, these monumental buildings demonstrate 
the effectiveness of a minimum window area in reducing the danger of 
ignition rather than anything else. They further call attention to the 
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frailty of stone. The modern steel-frame construction, popularly calteJ 
"fire-proof," was exemplified by some half-score of buildings in the edge 
and center of the burned area. These buildings furnish material for much 
study, and, from their defects as here demonstrated, I have no doubt 




INTERNATIONAL TRUST COMPANY, IN PART CONCRETE STEEL; SKYLIGHT 
CRUSHED BY FALL OF NEIGHBORING WALLS. 

that we may learn much that will go far to prevent even the partial 

-uction of such buildings built in the future. 

The general condition of the steelwork itself is apparently good, 
except in a few instances. Neither the fire, nor corrosion preceding the 
fire, has sensibly affected it, if we may judge from its appearance. The 
''fire-proof' buildings of steel-frame construction show in general failures 
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AND FARMERS" NATIONAL BANK. STONE CONCRETE BELOW 
BANK ROOM, WOODEN CONSTRUCTION ABOVE. 
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lines. Where the walls are substantial and of good red 

fairly well. There was some spalling and in 

rumbling, but good red bricks seems to have lived up 

to their earlier reputation Where brickwork of a lighter color, orna- 

d with terra-cotta, was used, considerable more damage was 

noticeable, especially after the slight snow storms of the week following 

the t - ir ; trimmings, almost universal on the lower fronts, demon- 

i the unfitness of that material beyond all question-. Granite, 

mar t/. ne, and limestone all fared about alike, even when, as 

near as can be ascertained, very little or no water was thrown upon it 

In general, all outside wall material suffered, but brick much less than 

It has already been said that the steel frames themselves appeared 
in good condition. Exceptions to this may be found in the Equitable 
Building and in the upper stories of some of the others. None of these 
frames, however, collapsed, and none are likely to do so, though some 
aid beams were bent or crushed and some will need to be replaced 
in nearly every one of the steel-frame buildings. The light steel frame 
of the somewhat older Equitable Building is seriously injured, and a 
considerable amount of reconsr needed here. Posts are bent 

and sagged and beams are badly deflected. It is probable that this light 
frame was subjected to a great strain from the falling of the safes after 
the plank top floor burned through, the arches of terra-cotta not being 
strong enough to carry their weight. 

The steel frames will need careful examination to note possible dis- 
tortion or weakening. In general the frames are not injured by more 
than 10 per cent., and in some cases by a much less amount, though in 
the Equitable Building the loss to the steel would seem to be between 
50 per cent, and 75 per cent., or even more. 

The posts and beams in about all these buildings were covered either 
with terra-cotta or with "lime-teil." a material whose composition appears 
to be in the nature of a plaster and cinder mixture. Generally the 
covering served its protective purpose well, but was itself destroyed or 
badly damaged. A very large percentage of the terra-cotta and lime- 
teil block must be replaced, and it is the general, almost universal, con- 
dition that the beam covering of the flanges is gone. The loss of terra- 
cotta beam and post coverings was at least 75 per cent 

The partitions of terra-cotta and lime-teil are very largely destroyed 
and the unfitness of these materials for this purpose seems clear. Many 
partitions have fallen and more are in such condition that they must he 
replaced. Much of the lime-teil is softened and the terra-cotta is 
cracked or broken and the bond between blocks is loosened. If metal 
lath partitions were in existence to any great extent, they failed as well. 
1 re in evidence in good order. 

The floor arches of many different ^pan* and of different details of 

iction. but in the main of terra-cotta or lime-teil, show much the 

same as the partitions The bond between the tiles is 

. quite generally, and the tiles themselves are cracked and broken 
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in great numbers. The lower face or soffit of the tiles has split off over 
large areas, and 50 per cent, or 60 per cent, of the terra-cotta floor con- 
struction will, I fear, need to be replaced or reinforced. 

Where concrete floor arches and concrete-steel construction received 
the full force of the fire it appears to have stood well, distinctly better 
than the terra-cotta. 

The reasons I believe are these : — First : because the concrete and 
steel expand at sensibly the same rate and hence when heated do not 
subject one another to stress, but terra-cctta usually expands about 
twice as fast with increase in temperature as steel and hence the par- 
titions and floor arches soon become too large to be contained by the 
steel members which under ordinary temperature properly enclose them. 
Under tins condition the partition must buckle and the segmental arches 
must lift and break the bonds, crushing at the same time the lower 
surface member of the tiles. Especially in the Calvert Building I found 
evidence which leads me to believe that not an excessive temperature, 
but the differential expansion under a moderate high temperature of 
the terra-cotta of the top and bottom members and of the enclosing 
^tecl. is responsible for the general failure of the terra-cotta partitions, 
beam-covering, and floor arches. Secondly : Mr. Gray suggests that 
there is a similar unequal expansion of the top and bottom faces of the 
separate tiles, which causes the lower faces to expand and shear off. 
Evidences of this were found everywhere. 

Further examination of the expansion phenomena points to them 
as the main source of distress to the whole beam and post covering, 
floor, arches, and partitions. Most of the fallen terra-cotta partitions 
and the floor blocks were still hard and had a clear ring when struck, 
though cracked and broken. There was no evidence of any such temper- 
ature as that at which the terra-cotta had been baked originally, and 
the material of the blocks could not have been altered chemically. It 
will he readily understood that the thin walled hollow tiles would become 
heated upon one side much more quickly than would the equivalent area 
of a solid partition of brick or concrete. Terra-cotta, cinder concrete, 
and stone concrete all have about the same heat-absorbing power, or 
specific heat, and hence the heavier and more solid the partition or floor, 
in other words, the more material there is in it, the slower will be its 
rise in temperature and its subsequent expansion. 

I question whether any floor, containing so little material on its outer 
faces as did these hollow blocks, could remain sufficiently cool in this 
tin to avoid serious injury from expansion. 

The minor details of the structure and finish fared badly. Wood 
is not in evidence except in secluded corners. Marble, slate, plaster, and 
in fact all similar surfacing material suffered to the point of destruction. 
The cast-iron stair frames and rails stood remarkably well in most 
instances. 

The building of United States Fidelity and Guarantee Company is 
an interesting example of reinforced concrete in the district. As near 
as I could ascertain, it was subjected to a severe fire and I found evidence 
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at the end of three days the lumps of cast iron which had earlier been 
.1 copying press and an embossing stamp were -till red hot, and yet neither 
ll' or nor ceiling show signs <>£ distress. This is the more remarkable 
in that the walls <>f the adjoining building fell through the skylights 
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upon the Hennebique floor. There were in the Commercial and Farmers' 
National Bank and in the Xational Bank of Commerce concrete floors, 
which stood the fire test well. 

The general condition of the fire-proof building is such as to 



16 CONCRETE CONSTRUCTION: ITS FIREPROOF QUALITIES 



mind the unfitness of terra-cotta for beam and post covering 
U were used when compared with concn 

lencc that the tall steel building was 
- 51 While it must be admitted that 
I the tire to make thi 
I add to this the experience 

concrete, I am convinced that 
had the floors of the ' the Calvert Building been of 

• and had the beam- 

tc, then renewal 
enng. 

Concrete and cinder 

- pointed out, the burning 
ften balanced by the 

than the other 

heal 

hemical action occurs. 

but when - ees Fahrenheit its 

i 

• ch to iooo 

et, through tins 

■ 

I he i i 
i 






CONCRETE CONSTRUCTION; ITS FIREPROOF QUALITIES. 



17 



It seems apparent that, with care t steel frame buildings can be so 
constructed as to stand the destruction of their contents without injury 
to the steel and probably without danger to the protecting, material or 
floor arches; that, with shutters and wired glass, the burning of more 
combustible neighbors may be expected to cause little permanent injury 
to the structure proper; and that a district composed wholly of such 
buildings would be reasonably immune from danger of conflagration. 



( >n the week following the fire I visited Baltimore and spent the 
greater part of two days' time in examining the result of the fire on the 
different types of construction and studying its effects, as far as it was 
possibe for me to do in that length of time. My conclusions are similar 
to those of Professor Norton's, and with some slight variations, which 
would not affect the main body of the report, I heartily approve of the 
same. I especially approve of that part of the report relating to the 
advantages of concrete construction, basing my opinion on observations 
made not only at this fire, but at previous ones which have occurred in 
buildings of concrete and other types of so-called "fire-proof" con- 
struction. 

J. P. GRAY, C E. 
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to 12 by 12 inches in section. The floor itself is of 3 ^2- inch spruce, or 
3-inch long leaf yellow pine, depending upon the locality, with 34-inch 
hard wood splines. On this is laid three thicknesses of resin-sized paper, 
mopped with tar. <-n top of this is laid the wearing floor of i^-inch 
matched maple, preferably, or else Georgia pine. The roof, as usually 
constructed, is of four-ply felt, tar and gravel, and laid on 3-inch splined 
plank. 

The walls of the reinforced concrete building will be taken as 6 to S 
inches thick between the pilasters which carry the floor beams or girders, 
varying between these limits with the height. The floor system is designed 
to carry live loads of 200 pounds per square foot, with a factor of safety 
of five at six months, thus being about 11 per cent, in excess of that 




LENGTH OF BUILDING IN FEET. 



carried by the slow -burning construction, and thus penalizing the re- 
ced concrete slightly in our comparisons. For this loading, maximum 
economy in concrete and steel can probably be secured by using a floor 
slab of about 4 inches in thickness, including a granolithic finish, this 
being the thickness assumed for the purposes of the present comparison. 
It is impossible to develop general expressions for the cost of build- 
ings of reinforced concrete any more than that of slow-burning mill 
construction, or other engineering structures, due to the impossibility of 
obtaining the same economical proportions of column spacing which each 
individual system would require to suit actual conditions, and the different 
cost of materials and labor in various sections of the country. However, 
it is possible to make approximate comparative estimates for certain 
typical localities, for average column spacing, using empirical formulae 
based upon the assumed proportions of the building, as ratio of width to 
length, number of floors, percentage of wall space taken out for windows, 
etc., and with coefficients based upon the unit cost of the materials of 
struction and labor at the proposed location. 
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The general form of these empirical equations is 
(a-faR) Ci+jlzR (C2+C3). 
in which a is the length of the building, R is the ratio of the width to the 
length, and Ci, C2 and C3 are coefficients depending upon the above 
considerations, and to be determined for any given locality. By writing 
one such equation for slow-burning mill construction, and another for 
reinforced concrete construction, equating them, and solving for R we 
can obtain values of the latter in terms of the length at which the cost 
of the two different constructions will be the same. In this way the 
accompanying diagrams have been constructed, as shown on Plates 
1 to 4, for buildings of two and three floors, in the New England States, 
the Metropolitan District, and the Southern Atlantic States. 




PLATE Z. 
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In a similar manner, we can construct curves for buildings of such 

ratios of width to length as will make the reinforced concrete building cost, 

cent, more than the slow-burning mill construction, which 

has been done for various percentage^ of excess cost, and shown on the 

diagrams as indicated. 

Such a floor as described above for the slow-burning mill con- 
struction will safely carry a live load of 180 lbs. per square foot, but 
unless the machinery is so spaci as to come over the floor beams, thus 
reducing the load on the floor itself, there will be considerable deflection. 
While the considered standard practice, in some of the 

best mills recently built, a diag. nal floor is laid over the paper and tar, 
and over this the maple wearing floor is then laid, all being well nailed 
together. This diagonal floor is considered well worth the extra cost 
a? checking vibration in tall building?, and also reducing the deflection 
between the floor beams. Should the additional diagonal floor be con- 
sidered advisable, the relative cost of the slow-burning mill and the 
reed concrete construction for a three-floor factory building in the 
g .md States is shown by the dotted lines in Plate No. 1. 
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From an inspection of the diagrams, it will be seen that for factory 
buildings in the New England States, of two and three stories, and of 
about 250 by 50 feet in plan, of the usual sizes and proportions which 
may be expected when it is not necessary to meet the special require- 
ments of a given plot in a city, we see that we may reasonably expect 
the reinforced concrete building to cost about 6 or 7 per cent, more than 
the slow-burning one, under ordinary conditions, or about 2^ per cent, 
more if the latter has the additional diagonal floor. In the Metropolitan 
District, where the relative advantages of the reinforced concrete are 
largest, the cost may be expected to be about 5 per cent, more, and in 
the Southern Atlantic States the cost may run up to 25 or even 30 per 
cent, in excess of the slow-burning mill construction. 
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It is to be noted that the column spacing for the slow-burning con- 
struction is considerably less elastic than for the reinforced concrete, 
being limited to about 8 feet in a longitudinal direction of the building, 
while fairly economical results may be had with the reinforced concrete 
system with column spacing up to 16 feet. 

As stated above, the diagrams are based on only a moderate degree 
of economy in column spacing for the reinforced concrete, in order to 
take care of the more general cases. Should, however, the layout of the 
building and the requirements of the floor space be such that an 
economical system can be used, thus reducing the cost of the floors and 
columns, say 5 per cent., the cost of this construction, in the New 
England States, or the Metropolitan District, can be cut down to 
very nearly the cost of the slow-burning construction, being only about 
one to two per cent, in excess of the latter, which for the case of the 
Metropolitan District is shown by the dotted lines on Plate No. 3- I* at 
the same time, it was decided that the slow-burning construction should 
have the additional diagonal floor, the concrete construction would come 
out a little ahead. 



CONCRETE CONSTRUCTION; ITS FIREPROOF QUALITIES. 



In this discussion, the price of cement has been taken at $1.75 per 
. -and at So cents, and broken stone at $1.25 per cubic yard. Should 
the cost of materials drop so that a saving of 5 per cent, on the cost of 
the reinforced concrete m place could be effected, which has occurred 
during the past year, we would have the same results, with only average 
economy in column spacing, as above with an economical system. Should 
it be possible to secure b<rth of these conditions at the same time the 
reinforced concrete factory would be from three to four per cent, cheaper 
than the slow-burning <uk-. besides being more durable, rigid and fire- 
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That large warehouses may be constructed at low cost combining 
the maximum »«f safety with durability. 

Such are the apparent conclusions which the writer has derived 
from the rep< rts of tests and the statement of facts submitted by the 
large construction companies, each on its own behalf. 

On the other hand, many statements have been made of the alleged 
collapse of concrete br.ildir.gs. These have been examined so far as 
they could be secured and only three alleged accidents in concrete build- 
ings of modern design and construction called for any attention. One 
was found to be due to piling excessive weights of merchandise on a 
concrete flo< r which had been designed for light mechanical work. One 
was found to be due to an effort to copy a scientific method without 
auth< rity and without regard to any of the rules, conditions or stresses. 

The last was the collapse of a floor in a school building in which 
the cement was setting very slowly and from which the supports were 
taken away too soon. After it was restored and had time to harden the 
floor stood a much higher test than had been called for. 

Whether or not these conclusions which have been derived from 
\\ parte" statements will be fully sustained in all particulars, may be 
proved during the next six months by the investigations and tests pro- 
posed on the part of the undersigned by the Insurance Engineering 
Experiment Station if that undertaking is fully sustained by the repre- 
sentatives of this art. 
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THE SEARCHING TEST OF A LIGHT FACTORY FLOOR. 

In the discussion raised by Mr. Atkinson's very interesting questions, 
on vibration, an effort has been made to furnish illustrations from as 
many divergent examples as is possible. It might seem at first blush that 
the very light floor construction in the Richardson Building in Newark 
does not furnish as extreme an example as might be found. The' writer 
presented this view to the Editor of the Cement Age, who met it with the 
augument that to confine the illustrations to the extremely heavy class of 
work, would not form an adequate answer to the questions uoder discus- 
sion. 




THE MACHINERY OF ONE CORNER UK THE 5TH FLOOR 01 
THE FLOORS ARE OF C 

ELECTRICALLY-WELDED FABRIC. 



CONCRETE CONSTRUCTION ; ITS FIREPROOF QUALITIES. 



The Richardson factory is a six-story and basement building, all of 
which is used for manufacturing purposes. The entire building is 
thoroughly fireproof, and the plans to ensure this end embody the ideas 
of Mr. Howard Constable, the well-known fireproofing expert. The 
floors are of the full bay type; they are of cinder concrete reinforced 
with Clinton electrically-welded wire fabric of 4x1 2-inch mesh, 8 and 
11 gauge galvanized wire. They are 6 inches thick and the plan of 
reinforcement was that two thicknesses of the fabric were used — one 
being placed lengthwise of the building, and the other at right angles 
to the first. 

These floors, which were laid some 5 years ago, were among the 
earlier installations of this type of construction. Critics were not lacking 
who predicted dire calamity. The owner heeded these warnings to the 
extent of ordering a vigorous test. Three panels of the floor were 
tree ted, and while it was, of course, very far from its final strength, the 
centre bay was tested with a load of sand to the extent of 290 pounds 
per sq. ft. This was left for twenty-four hours. During the night a 
driving rain fell on the sand, and while there were no means of measuring 
the increased weight, it was estimated that the load must have increased 
at least 50 per cent., the total deflection under this combination of 
unfavorable conditions being less than ¥& of an inch. 

After the building was complete, it was found .necessary to move a 
six-ton safe the entire length of the building. The greatest deflection 
noted was less than 3-32 of an inch. 

The illustration showing the machinery on one corner of the fifth 
floor is typical of the machinery installed throughout the building. 
Beside the dye-sinking machines, one of which is shown in the fore- 
ground, attention may be called to the four drop hammers. One of 
these is placed almost in the centre of the bay. The drops weigh from 
100 to 150 lbs. and the height of the fall is from 3 to 4 feet. 

It seems unnecessary to enlarge on the vibration strains which such 
machinery must cause. Although the floors have been subjected to 
several searching examinations, absolutely no traces of cracks have been 
found after five years of the strains above described. 

With many of these drops in operation on the various floors, the 
vibration is scarcely noticeable. 



A REMARKABLE SERIES OF VIBRATION TESTS. 

The time has gone by when it is necessary to answer questi 
the ability of reinf- i ithstand vibration strains with 

retic formula. So many practical demon - 
that the only difficul g is m the 

accumulated mass of data. 

The tests made with moving loads on the reinforced concrete bridge 
at Chatellerault Vienne, France, are an absolute necessity to the vibration 
question. This bridge i built of armored i 

system, has three arches, the two side arches being 




STEP TEST 

cne 164' in ten. Its essential 

of armored c ad bed by means of 

armored concret posts are 6" square. The piles and abutments 

arc also of armored concrete. The foundation- were very simple, the 
bed of the rive: Work was begun on the i : 

August. 1889, and the r rk on the bridj ed on 

mber 5th of the same year. The bridge days 

in the building. Tin rk in the center taken 

' t5th, or : ■ . beginning of the founda- 
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r that pur 11 6.000 lbs 
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he deflections under I 
■heated in the following ti 









32 CONCRETE CONSTRUCTION; ITS FIREPROOF QUALITIES. 
LATERAL ARCH, RIGHT BANK. 

Maximum deflection 0.5-16" 

Maximum rise 0.3-16" 

Total maximum vibration 0.8-16" 

CENTRAL ARCH. 

Maximum deflection .1-16" 

Maximum rise 1.2-32" 

Total maximum vibration 3. 2-32" 

l.ATK.RAI Aki H. LEF1 BANK. 

Maximum deflection 0.9-32" 

Maximum rise 0.15-32" 

Maximum total vibration 1.05-32" 

On the road wooden strips 2" high were placed at right angles to the 
direction of travel of the roller. These strips were spaced 6' apart, and 
over them the roller was driven, giving a series of successive shocks. 

The other test, though of a different nature, was equally remarkable. 
When it is considered that it is a canon of military law that infantry in 
crossing a bridge must break step, the test of having 250 soldiers cross- 
this bridge in step and at double-quick time assumes its true significance. 
The deflections under these conditions follows 

Maximum deflection 7-32" 

Maximum rise 1.2-32" 

Total maximum vibration 8.2-32" 

DOWN-STREAM CENTRAL ARCH BEAM. 

Maximum deflection J-2>2" 

Maximum rise 2-32" 

Total maximum difference 9-32" 

UP-STREAM CENTRAL ARCH BEAM. 

Maximum deflection 7-32" 

Maximum rise 2-32" 

Total maximum difference 9-32" 

UP-STREAM LATERAL SIDE ARCH BEAM. 

Maximum deflection 5-32" 

Maximum 2-32" 

Total maximum difference 7-32" 

In conclusion, it may be said that in every case the bridge after the 
load had been taken away resumed its initial position immediately and 
totally. A careful examination of the arches did not show any signs of 
cracks either during or after the resl 




Digitized I 




IN If»N«TIO«» 



ASSOCIATIC 
PRESERVA1 
INTERNATIC 



BUILDING 
TECHNOL 
HERITAGI 
LIBRARY 

www.apti.i 



: rom the i 



cc/ 

CANADIAN C 
WCHITECTl 
CENTRE CAt 

www.cca.c 



